Lesch Alcoholism Typology (LAT) is one of the most widely used clinical typologies of alcohol addiction. Study tested whether introduction of LAT software in clinical practice leaded to improved outcomes and reduced costs. Retrospective matched-pairs case-control cost comparison study was conducted at the Regional Addiction Center of the University Clinic in Serbia involving 250 patients during the four-year period. Mean relapse frequency followed by outpatient detoxification was 0.4260.90 vs. 0.7061.66 (LAT/non-LAT; p = 0.267). Adding relapses after inpatient treatment total mean-number of relapses per patient was 0.7061.74 vs. 0.9761.89 (LAT/non-LAT; p = 0.201). However, these relapse frequency differentials were not statistically significant. Total hospital costs of Psychiatry clinic based non-LAT addicts' care (J54,660) were significantly reduced to J36,569 after initiation of LAT. Mean total cost per patient was reduced almost by half after initiation of LAT based treatment: J3316381 vs. J6266795 (LAT/non-LAT; p = 0.001). Mean cost of single psychiatry clinic admission among non-LAT treatment group was J3206330 (CI 95% 262-378) and among LAT J1976165 (CI 95% 168-226) (p = 0.019). Mean LAT software induced net savings on psychiatric care costs were J144 per patient. Total net savings on hospital care including F10 associated somatic co-morbidities amounted to J295 per patient. More sensitive diagnostic assessment and sub-type specific pharmacotherapy and psychotherapy following implementation of LAT software lead to significant savings on costs of hospital care. 
Introduction
Due to its high prevalence [1] and chronic clinical course [2] , alcohol dependence represents a heavy burden for health care systems across the globe [3] . National health budgets are becoming increasingly constrained and therefore effortis put into assessment of cost-effectiveness of specificmedical treatment strategies, such as addiction specific psychotherapy techniques [4, 5] or anticraving medication for relapse prevention [6] [7] [8] . Theseresults contributed to more efficient care and evidence based allocation of resources [9] . However, the impactof distinct medical typologies that contain clinical practice guidelines on medical costs have not been researched thoroughly [10] [11] [12] [13] . There are several typologies of alcohol dependence [14] [15] [16] which are widely adopted in the published literature.
Through the course of past century over a dozen of distinct clinical typologies of alcoholic dependence have been developed with Cloninger, Jellinek's, Babor's, LAT being only some of the most famous and broadly adopted. Lesch Alcoholism Typology (LAT), introduced in 1991, is regarded particularly helpful in terms of providing treatment recommendations grounded in patient's age of onset, family history, co-morbidity, and alcoholrelated disabilities. The LAT typology is applied in clinical practice as a clinician's oriented software. It has been translated in 12 languages and validated in many countries, offering essential recommendations for pharmacological treatment of withdrawal and relapse prevention [17] [18] [19] [20] [21] . As to our best knowledge, so far there have been no attempts to assess the impact of clinical typologies implementation to the overall costs of alcohol addicts' medical care in a clinical trial. In this study we therefore want to evaluate the impact of a newly introduced sub-type specific treatment program, the LAT, on the cost of medical treatment in alcohol dependent patients.
Materials and Methods

Ethics Statement
The study was conducted according to Helsinki Declaration; current positive legislature on good clinical practice and guidelines on retrospective database analysis. 
Setting
Since January 2012, LAT typology and software, translated and administered in Serbian language, was introduced to the clinical practice in seven regional addiction centers throughout Serbia [22, 23] . The Regional Addiction Center Kragujevac provides services for up to 400 alcohol dependent patients per year and belongs to the Psychiatry Clinic of the single largest tertiary care university hospital in Central Serbia region with 1300 beds capacity (www.kc-kg.rs). Southeastern European country of Serbia has an upper middle income post-socialist transitional economy [9] . It's healthcare system is marked with typical strengths and weaknesses familiar to the most Eastern European economies including post-2004 EU members [22, 23] . Therefore, Serbia can be regarded representative of a wider regional setting. Its substantial national deficit of budget allocation to combat huge alcohol dependency burden emphasizes urgent need for effective resource allocation in this field [24] . So far, health economics principles were not part of routine policy making on reimbursement of antic raving medicines, detoxification procedures or psychotherapy techniques indicated in alcohol addiction treatment [25] .
Data
Study sample was selected out of 813 alcohol dependent cases being either outpatients or inpatients within the institutional framework of the Regional Addiction Center of the University Clinical Center Kragujevac, Serbia during the period 2010-2013. One hundred and twenty five case-control pairs were selected based on their clinically confirmed diagnosis of alcohol dependence according to ICD-10 and DSM-IV-TR, age and gender. There were no other grounds for patient selection except the possibility of close clinical matching so this was the maximum of available patient couples for comparison. LAT patients' medical services utilization was observed during 2012-2013 period, while non-LAT processed alcohol addicts were observedin2010-2011 period. Economic data on resource use and costs were extracted out of the University Clinical Center electronic registry of discharge invoices. Observed clinical setting was state owned not-for-profit hospital which is generally charging governmental budget subsidized prices to the citizens. Therefore this database presents reliable insight into the actual costs of care. Although individual periods while these costs accrued slightly varied, complete symmetry was obeyed in duration of the observation among cases coupled. That means that medical and resource use history for each single case was extracted either for one or for two years (depending on his/her actual physician visits and admissions) duration while his/her counterpart from control pool, was observed during equally long period of time (either one or two years). Clinical outcomes data accessible was individual frequency of relapse events followed by either outpatient detoxification or hospital admission. According to availability these relapses were evidenced for 2012-2013 observation time, in equal duration between patient pairs. Resource use and costs accrued due to alcohol dependence diagnostics, treatment and rehabilitation were observed separately within institutional frameworks of Psychiatry Clinic, Internal Medicine Clinic and Neurology Clinic for each case.
Analysis
It is rather difficult to assess trends in clinical decision making and resource use patterns among alcohol addicts due to high clinical heterogeneity of patient's backgrounds [26] . Therefore, in the present study, matched-pairs case control retrospective study design was employed in a cost comparison analysis framework [27] . This approach, previously applied in clinical trials on addiction disorders [26] [27] [28] [29] , allows reliable elimination of statistical bias impact to the study results. Grounds for choosing such methodology was lying in the fact that medical services utilization patterns and associated costs otherwise might have been affected with differences between groups in clinical background, disease course and treatment response [30] .
Costs were converted from national currency -Republic of Serbian Dinar (RSD) to Euro (J) in line with mean official exchange rates of the National Bank of Serbia in the respective years (www.nbs.rs). This way the effect of slight devaluation of domestic currency was avoided. There were no sudden swifts in pricing policy or significant changes in medical service charges related to alcoholism treatment during this period of time. Therefore chronological gap between experimental and control group (before and after LAT intervention) had rather minor impact to the price levels 2010-2013. Foreign currency (J) based prices remained stable.
Statistics
Complete statistical analysis was carried out using Statistical Software PASW Statistics 18 and Microsoft Office Excel 2007. Cases and controls were matched according to sex, age and diagnosis. After pairing patients, cost analysis has done, during one-year or two-year period, between controls observed before and cases observed after implementation of LAT softwareguidelines. Categorical variables were presented as frequencies of certain categories, while statistical significance of differences was tested using Chi-square test. Continuous variables were summarized as mean, standard deviation, range and 95% confidence interval. Continuous variables were compared using the Student's t test for independent samples and the Mann-Whitney U test, while nonparametric Kruskal Wallis H test was used to test the statistical significance among continuous variables with three or more categories. Analysis of money spending was done by nonparametric tests (the large standard deviations). Multiple regression analysis was performed on both LAT and non-LAT patients, while dependent variable were total hospital costs. Two models (LAT and non-LAT) were developed indicating key predictors of costs of care. All the analyses were estimated at p,0.05 level of the statistical significance.
Results
Number of relapses
Mean number of relapses followed by outpatient detoxification was 0.4260.90 vs. 0.7061.66 (LAT/non-LAT) (p = 0.267) (see Table 1 ). Frequency of relapses followed by hospital admission was 0.2861.10 vs. 0.2660.58 (LAT/non-LAT) (p = 0.339). Thus we come to the average rate of total relapses of 0.7061.74 vs. 0.9761.89 (LAT/non-LAT) while this difference was not statistically significant (p = 0.201).
Inpatient and outpatient care
Total number of Psychiatry Clinic hospital admissions was 155 vs. 156 while there were 6 vs. 26 Internal Medicine Clinic admissions (Chi square test; p = 0.0016) and 5 vs. 6 Neurology Clinic admissions (Chi square test; p = 0.8415) (LAT/non-LAT) (see Table 1 ). Total joint Internal Medicine Clinic and Neurology Clinic hospital admissions frequency was 11 vs. 32 (LAT/non-LAT) (Chi square test; p = 0.0047). Mean Internal Medicine Clinic admissions frequency was significantly higher in non-LAT group 0.0560.31 vs. 0.2160.65 (p = 0.008).
Mean hospital costs per patient due to joint Internal Medicine Clinic and Neurology Clinic admissions were higher among non-LAT patients J386238 vs. J1896623 (LAT/non-LAT; p = 0.102) (see Table 2 ). Total costs of hospital care in all clinics were substantially lower in LAT group, J41,331 compared to J78,226 in non-LAT patients (p = 0.001) (see Table 2 and Fig. 1 ). Average net savings on direct medical costs of psychiatric hospital care highly likely attributable to the LAT software implementation were J144 per patient. Average net savings in total costs of hospital care for F10 associated mental and somatic disorders across all clinics were J295 per patient.
Mean number of hospital admissions per patient to the Psychiatry Clinic, during the examined time period was 1.2461.42/1.2561.42 (LAT/non-LAT) (p = 0.986). Mean total duration of hospital admissions was 12.49614.77/10.80611.52 days (LAT/non-LAT) (p = 0.315). Attending psychiatrists delivered on average 10.6969.06/12.81616.06 sessions of social therapy, including implementation of psychotherapeutic techniques (LAT/non-LAT) (p = 0.200). Total Psychiatry Clinic hospital costs of non-LAT addicts' care amounted to J54,660, which were significantly reduced (J36,569, p = 0.008) after initiation of LAT (see Fig. 1 ). Mean cost of psychiatric care per patient decreased after initiation of LAT based treatment (J2936308 (CI 95%-239-347) vs. J4376415 (CI 95%-364-510) J), and the decrease was significant (p = 0.008). Mean per patient values of all cost domains in the non-LAT controls were higher than among LAT cases but only some of these findings were statistically significant (see Table 2 ; Fig. 2 ).
Lesch Alcoholism Typology-Subtypes
Mean costs of care per LAT subtypes differed significantly (Kruskal Wallis H test; p = 0.005) and amounted to: LAT I -J326688 (CI 95% 271-380) J, LAT II -J2566304 (CI 95% 141-370) J, LAT III -J2566295 (CI 95% 180-333) J and LAT IV -J3816368 (CI 95% 251-511) J among LAT classified patients. Mean cost of single hospital admission among non-LAT treatment group was J3206330 (CI 95% 262-378) J and among LAT J1976165 (CI 95% 168-226) J (Mann-Whitney U test; p = 0.019).
Multiple regression analysis was conducted using value of total hospital cost as dependent variable. It showed that model developed for LAT treated patients significantly better explaines costs variance compared to non-LAT (R 2 = 0.517 vs. R 2 = 0.132) (see Table 3 and Table 4 ). Variables exposing strongest impact to total cost of care among LAT cases were: age, duration of hospital admissions and outpatient physician consultations, while among non-LAT controls there were no such predictors with significant impact to the total cost of care.
Discussion
The impact of good clinical practice guidelines implementation to the clinicians' prescription patterns and their economic awareness was previously assessed and reported in recent studies [24] . Our study is the first to evaluate the impact of a newly introduced, sub-type specific alcohol dependency classification system on economic and clinical outcomes. LAT cases exposed statistically significantly higher demand for outpatient physician consultations. On the opposite, Internal Medicine Clinic admissions were significantly more frequent among non-LAT controls. All other resource use differentials between the two groups were not statistically significant. With regards to costs of care, statistical significance in favor of LAT cases (substantially lower cost of care) was proved on numerous cost domains: Inpatient Care, Total costs of hospital care and Internal Medicine Clinic costs. Besides these aforementioned domains, LAT cases exhibited significantly lower costs of care Care. An explanation for this phenomenon was overutilization of CTs and NMR imaging of the brain which was wide spreaded clinicans' practice before LAT introduction. Demands to perform blood tests covering too broad variety of targeted medical conditions (substance addiction, infections etc.) were also more frequent in 2010-2011. Cost savings on nursing care among LAT patients are partly attributable to more frequent outpatient visits to the attending psychiatrists recommended by LAT software acting as substitute for more costly hospital treatment being quite effective in controlling disease.
Resource use patterns exhibited in this trial point to the opportunity of reshaping clinician's behavior with evidence based guidelines [32] . We could observe frequency of outpatient visits to the attending psychiatrist and frequency of hospital admissions as an indirect sign of occasional relapses that these patients commonly experience [25] .
LAT patients tended to consume less nursing care, laboratory analysis, imaging diagnostics and pharmaceuticals (see Table 2 Table 3 . The impact of independent variables on total hospital cost among non-LAT treated patients (multiple regression analysis). and Fig. 2) . Interestingly, recently published trial testing efficiency of sodium oxibate in maintaining alcohol abstinence among addicts showed that anticraving medicines could prove themselves useful regardless of actual LAT type of patient. This finding might support lack of significant differences between LAT and non-LAT cases in drug acquisition costs [31] . Lower demand for diagnostic services by the attending psychiatrists is attributable to the precise and focused clinical tools provided by interactive LAT software. These are allowing for earlier diagnostic recognition of patient type based on accurate anamnesis and examination criteria.
Statistically significant cost differentials among four stages of alcoholism clinical evolution according to LAT confirms broadly recognized LAT sensitivity for distinct recognition of patients with profoundly different drinking patterns and treatment needs [16] [17] [18] 21] .
Non-LAT cases were more frequently treated at the Internal Clinic (Gastrointestinal and Hepatology wards) and Neurology Clinic due to alcohol related somatic disorders such as liver cirrhosis, polyneuritis and others. These wards demand much more expensive imaging examinations and blood tests compared to Psychiatry clinic [33] . Cost-reduction observed among LAT patients, probably happened due to their less severe somatic complications compared to respective non-LAT couples during the investigated time period consecutively somatic disorders worsened by occasional heavy drinking episodes were rather seldom among LAT cases. Authors believe that patient rambling among specialty Internal Medicine Clinic and Neurology Clinic delayed alcoholism type recognition and was additional underlying reason for their more demanding and expensive hospital care.
The hot issue of cost containment remains high on the agenda of regional health policy makers due to Western Balkan's difficulties in provision of sustainable health care funding, triggered by worldwide economic crisis [22, 23] . Cost saving procedures are considered by many experts a trade off with quality of medical services [34, 35] . In this particular alcohol addicted population, authors assumed that patients experienced clinical improvement because of more efficient diagnostic algorithm leading to the more targeted, individually adjusted treatment and weaker demand for health care. As a consequence, it appears that they needed less frequent outpatient physician consultations and consumed less resources which is the phenomena well described in literature [30] . Range of costs reported in uppermiddle income Serbia is rather modest compared to high-income settings [24, 25] . Regardless of some evidenced intra-European differences in LAT sub-type structure across ethnicities [36] , LAT associated savings should be expected elsewhere. Observed resource use patterns will likely cause decrease in overall costs of medical care for somatic symptoms, in other countries as well.
Limitations
Matching of patients into couples with highly similar clinical background should have eliminated the potential bias and external validity issues in the study, which might have been affected by medical heterogeneity of samples in other similar clinical trials [26] . Regardless of few minor setbacks in this study design it provides high statistical reliability for generalizations of conclusions [37] .
University Clinical Center Kragujevac electronic database of discharge invoices was used as a source of data on medical services utilization costs. Tight internal and external control of accounting offices of respective Clinics is conducted due to the fact that these invoices serve as grounds for negotiations on reimbursement with republican Health Insurance fund representatives. Therefore, these data should be regarded of satisfactory reliability and quality. Sample size is rather modest, due to the fact that authors had no access to other addiction centers throughout the country or abroad. According to authors' opinion this would probably be the core weakness of the study. Nevertheless, matching of patient pairs forms an appropriate control group allowing for the generalizability of conclusions. Deeper insight into indirect costs of lost productivity would be very helpful and would allow for more inclusive insight into the costs of care [38] , as, due to adopting payer's perspective, these were rather out of scope of present trial. Clinical background data relied on relapse rates only. In real world clinical setting, there is no efficient way to assess any relapses that did not lead to additional treatment, so frequency of relapses marked as ''total relapse rates'' in this article, actually presents clinically visible fraction of them. Lack of an in-depth assessment of other clinical outcomes such as abstinence duration, was the another key weakness of this trial. The prospective approach would certainly provide deeper insight into the clinical efficiency of LAT based treatments.
Conclusions
In conclusion, the significant medical savings documented by this matched-pair case-control study are anticipated consequence of more targeted therapeutic approach. Here we explain that noticed cost savings induced by LAT typology, and LAT software introduction the core underlying cost driver was higher rate of hospital admissions to the Internal Medicine wards due to severe somatic symptoms among non-LAT patients. Likely clinical improvements among LAT patients are believed to be achieved due to proper LAT type recognition and decreased need for physicians' consultations, detoxifications, fewer and shorter hospital admissions and lower drug acquisition costs. The present study is one of the pioneering assessments of health economic justifications for systematic relying on common typologies in clinical practice. These are promising signs of delivering more efficient and cost saving care to alcohol addicts based on LAT in Southeastern Europe. Such evidence should be regarded a stimuli for further research on guidelines impact on the costs of addiction disorders medical care. Applied health economics research in increasingly prevalent addiction disorders could bring partial release to the constrained national health care budgets. Finding alternative ways to deliver cost-effective medical care for alcohol dependents bears particularly heavy policy impact among aging nations of northern hemisphere. Vast economic consequences for the community are particularly evident in these disorders affecting young population. Various substance addictions bring huge opportunity cost due to long lasting decreased working ability, absenteeism and premature mortality. Dissemination of good clinical practice guidelines recommending cost-effective diagnostics and treatment options could be highly effective policy tool for the future of addiction medicine.
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